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RESULTS FROM AN ABSOLUTE GRAVITY SURVEY IN THE UNITED STATES 
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A b s t r a c t .  Using t h e  r e c e n t l y  completed JILA 
a b s o l u t e  g r a v i t y  meter, we made an  a b s o l u t e  
g r a v i t y  s u r v e y  which covered  12 si tes in t h e  
United S t a t e s .  Over a p e r i o d  of 8 weeks, t h e  
i n s t r u m e n t  was d r i v e n  a t o t a l  d i s t a n c e  of n e a r l y  
20,000 km t o  sites in C a l i f o r n i a ,  New Mexico, 
Colorado,  Wyoming, Maryland,  and Massachuse t t s .  
The time s p e n t  in c a r r y i n g  o u t  a measurement 
at a s i n g l e  l o c a t i o n  w a s  t y p i c a l l y  1 day. A 
e a s u r e m e n t  a c c u r a c y  of around 1 x 10-7 m/s2 
(10 &al l  is b e l i e v e d  t o  have been o b t a i n e d  a t  
each of t h e  s i tes .  

1. I n t r o d u c t i o n  

W e  have r e c e n t l y  completed an a b s o l u t e  g r a v i t y  
survey  a t  12 si tes in t h e  United S t a t e s  (see Fig-  
u r e s  1 and 2). E i g h t  s i t es  had been p r e v i o u s l y  
occupied by o t h e r  a b s o l u t e  i n s t r u m e n t s ,  and f o u r  
were new si tes chosen because t h e y  were n e a r  1.0- 
c a t i o n s  in which o t h e r  measurements r e l e v a n t  t o  
t h e  s t u d y  of geodynamics were made. 

Ihe new i n s t r d m e n t  ( s e e  F i g u r e  3 ) .  d e s c r i b e d  
e l sewhere  in d e t a i l  [Zumberge e t  a l . ,  1982; 
F a l l e r  et al.. 19791, c o n s i s t s  of a f r e e l y  f a l l -  
ing corner cube r e f l e c t o r  whose downward accel- 
e r a t i o n  is measured i n t e r f e r o m e t r i c a l l y  w i t h  
a s t a b i l i z e d  He-Ne laser. T h i s  t e c h n i q u e  for 
d i n g  g r a v i t y  measurements has been used suc- 
c e s s f u l l y  by s e v e r a l  o t h e r  r e s e a r c h e r s  [Arnautov 
et  a l . ,  1979; Cannizzo e t  a l . ,  1978; F a l l e r ,  
1965; Guo et  a l . ,  1983; Hammond and F a l l e r ,  1967; 
Hammond and I l i f f ,  1978; Murata ,  1978; Sakuma, 
19741. We have made a c o n s i d e r a b l e  e f f o r t  t o  
minimize t h e  s i z e  and complexi ty  of t h e  i n s t r u -  
ment t o  f a c i l i t a t e  i ts  r a p i d  deployment w i t h o u t  
s a c r i f i c i n g  accuracy .  In o u r  r e c e n t l y  completed 
survey ,  which was  t h e  i n s t r u m e n t ' s  f i rs t  t r i a l  
i n v o l v i n g  a series of s u c c e s s i v e  measurements a t  
a n mber of d i f f e r e n t  l o c a t i o n s ,  an  a c c u r a c y  of 
10- m / s 2  (10 p g a l )  is b e l i e v e d  t o  have been ob- 
t a i n e d  w h i l e  t h e  n e c e s s a r y  s i t e  o c c u p a t i o n  time 
w a s  g e n e r a l l y  less t h a n  1 day. 

Y 

.-- 
'Also a t  Time and Frequency D i v i s i o n ,  

?So;. a t  I n s t i t u t e  of Geophysics  and P l a n e t a r y  

3xls0 at Quantum P h y s i c s  D i v i s i o n ,  X a t i o n a l  

N a t i o n a l  h r e a u  of S t a n d a r d s .  

P h y s i c s ,  U n i v e r s i t y  of C a l i f o r n i a ,  San Diego. 

B'lreau of  S t a n d a r d s .  

This  paper  is not  s u b j e c t  t o  U.S. c o p y r i g h t .  
Publ i shed  in 1983 by t h e  American Geouhys ica l  
I!nfnn. 

2. The Ins t rument  

' F i g u r e  4 i l l u s t r a t e s  the p r i n c i p l e  of t h e  in- 
s t r u m e n t ' s  o p e r a t i o n .  A Nichelson  i n t e r f e r o m e t e r  
d e t e r m i n e s  the p o s i t i o n  of a c o r n e r  cube ,  which 
is al lowed t o  f a l l  f r e e l y  i n s i d e  a vacuum cham- 
ber. By a c c u r a t e l y  measuring t h e  a r r i v a l  times 
of a s u b s e t  of t h e  i s t e r f e r e n c e  f r i n g e s ,  t h e  ac- 
c e l e r a t i o n  of the f a l l i n g  o b j e c t  is c a l c u l a t e d .  
This p r o v i d e s  a measure of the local a c c e l e r a t i o n  
due t o  g r a v i t y  i n  t e rm of t h e  laser wavelength  
and t h e  f requency  of t h e  rubidium s t a n d a r d ,  which 
is used in the  t i m i n g  e l e c t r o n i c s .  

To minimize c o n g r a v i t a t i o n a l  f o r c e s  on t h e  
f a l l i n g  o b j e c t ,  i t  is sur rounded by a servocon-  
t r o l l e d  notor -dr iven  chamber which moves v e r t i c a l -  
l y  i n s i d e  the main vacuum system. The dropping  
chamber e f f e c t s  t h e  release of t h e  f a l l i n g  object '  
and t h e n  tracks it (wi thout  p h y s i c a l l y  c o d n g  in- 
t o  c o n t a c t  w i t h  i t )  d u r i n g  t h e  measurement. As a 
r e s u l t ,  t h e  f a l l i n g  c o r n e r  cube is s h i e l d e d  f rom 
d r a g  due to  t h e  i m p e r f e c t  vacuum. The f a l l i n g  
chamber a l so  provides  an e l e c t r i c a l l y  c o n d u c t i n g  
s h e l l  s u r r o u n d i n g  t h e  dropped o b j e c t  so t h a t  ex- 
t e r n a l  e lec t ros ta t ic  f i e l d s  do n o t  a f f e c t  t h e  
measurement. In a d d i t i o n ,  t h e  p u r e l y  mechanica l  
c h a r a c t e r  of  the release removes t h e  n e c e s s i t y  
f o r  having  any sort  of map;r.etic s u p p o r t  or re- 
l e a s e  mechanism that  n i g h t  r e s u l t  in a r e s i d u a l  
magnet ic  f o r c e  d u r i n g  t h e  m a s u r e m e n t .  

A t  most sites t h a t  were v i s i t e d ,  t h e  e n t i r e  
o p e r a t i o n  of u n l o a d i n g ,  assembl ing  the i n s t r u -  
ment, a c q u i r i n g  t h e  d a t a ,  d i s a s s e m b l y ,  and re- 

Fie .  1. S i t e s  of a b s o l u t e  g r a v i t y  w a s u r e - e n t s :  
1, Boulder ,  Colorado ( J IM);  2. Denver ,  Colorado;  
3, Holloman AFB, New Mexico; 4, VandenberR AFB, 
C a l i f o r n i a ;  5, L i c k  O b s e r v a t o r y ,  C a l i f o r n i a ;  6 ,  
Ovens Val ley  Observa tory ,  C a l i f o r n i a ;  7, Pasadena,  
C a l i f o r n i a  (Kresge Lab); 8, Pinyon Flat Observa- 
t o r y ,  C a l i f o r n i a ;  9, Golds tone  Ohserva tory .  Cal i -  
f o r n i a ;  10, S h e r i d a n ,  WyominR; 11, Great F a l l s ,  
Montana; 12,  G a i t h e r s b u r g ,  Maryland ( N B S ) ;  13. 
Hanstote AFB, H a s s i t c k t f f e ~ ~ > ; -  -- 
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Fig. 2. ( c o n t i n u e d )  
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Pig. 3. Photograph showing i n s t r u m e n t  a t  t h e  
Denver s i te .  Normally, t h e  l a r g e  dewar ( s e e n  i n  
f o r e g r o u n d )  is l e f t  i n  t h e  t r u c k .  

l o a d i n g  r e q u i r e d  less t h a n  1 day. The vacuum 
chanber  w a s  pumped c o n t i n u o u s l y ,  even d u r i n g  
t r a n s p o r t  in a small t r u c k .  T h i s  e l i m i n a t e d  the 
p u q - d o w n  time t h a t  would o t h e r w i s e  have been 
n e c e s s a r y  p r e c e d i n g  each neasurement .  A t  three 
sites, mechanica l  problems i n s i d e  t h e  d r o p p i n g  
chamber needed a t t e n t i o n ,  and as a r e s u l t ,  t h e  
vacuum was lost .  T h i s  u s u a l l y  meant an o v e r n i g h t  
d e l a y  to o b t a i n  a good vacuum a f t e r  t h e  problem 
was c o r r e c t e d .  

When no such d i f f i c u l t i e s  were e n c o u n t e r e d ,  
t h e  o p e r a t i o n  proceeded smoothly and r a p i d l y .  
A f t e r  u n l o a d i n g ,  two h a l f - r a c k s  of e l e c t r o n i c s  
c c n t a i n i n g  a l l  of t h e  n e c e s s a r y  d a t a  a c q u i s i t i o n  
2nd c o n t r o l  e l e c t r o n i c s  were connected and i n -  
t e r f a c e d  w i t h  t h e  n e c h a n i c a l  components. which 
i n c l u d e d  an  i n t e r f e r o n e t e r  base ,  a long-period 
i s o l a t o r  [Rinker  and F a l l e r ,  19831, and an evacu- 
a t e d  d r o p p i n g  chanber .  These t h r e e  components 
r e q u i r e d  n i n i n a l  mechanical  a l ignment .  Under 
no:nal c o n d i t i o n s ,  t h e  t i n e  needed t o  get t h e  i n -  
s t rument  s e t u p  and runninp. w a s  2 hours .  Al though 
g r a v i t y  d a t a  were a v a i  1;lble i m e d i a t r l y  following 
t h e  i n s t r u n e n t ' s  assembly,  thev  were e e n e r a l l y  
r e j e c t e d  because of known i n s t r u m e n t a l  b i a s e s  
that  can r e s u l t  from temperature  t r a n s i e n t s .  To 
i n s u r e  quality g r a v i t y  w a s u r e n e n t s ,  the  i n s t r i i -  
z e n t  had t o  remain p a s s i v e  f o r  an hour or s o  
a f t e r  i t s  i n i t i a l  s e t u p  and t e s t i n z .  Durine t h i s  
-tfru, rhe i a s e r , m e 7 6 + z p e r i o h -  - iGiiIator ,  and 
the p r e s s u r e  i n  t h e  vacuum chanber  e q u i l i b r a t e d  
w f t h  t h e  new tempera ture  envfrnnnent .  

~~ 

The p e r i o d  o v e r  which a c t u a l  measurements w e r e  
t a k e n  v a r i e d  anong the s i tes  from s e v e r a l  h o u r s  
t o  as  long as 1 day. S i n c e  a d a t a  set of 150 
drops can be ta':en in 10 min, t h e  s t a t i s t i c a l  
u n c e r t a i n t y  is outueiEhed by systematic e f f e c t s  
a f te r  a few hours  of m e a s u r e m n t s .  Disassembly 
and r e l o a d i n g  r e q u i r e d  a p p r o x i n a t e l y  1 hour ,  as 
d i d  t h e  t r a n s f e r  of t h e  a b s o l u t e  v a l u e  from t h e  
measurement h e i g h t  to  t h e  f l o o r  u s i n g  a r e l a t i v e  
g r a v i m e t e r .  

3. R e s u l t s  

T a b l e  1 l i s t s  t h e  r e s u l t s  from t h e  a h s o l u t e  
g r a v i t y  survey .  I n c l u d e d  in t h i s  l ist  are 
earlier d a t a  f r o n  t w o  measure-ents  a t  a s i t e  i n  
Denver, Colorado,  and t h e  o r i g i n a l  measurenents  
f rom o u r  l a b  a t  JZW. The result  from one of t h e  
12 sites.  Great F a l l s ,  Montana, has been omi t ted .  
F l o o r  mot ions  a t  t h i s  s i te ,  ev idenced  by a n a l y s i s  
o f  bo th  t h e  long-per iod  i s o l a t o r  signal and time 
s h i f t s  r e l a t e d  t o  t h e  dropped o b j e c t ' s  p o s i t i o n  
in its f a l l  as w e l l  as o t h e r  G?favorahle  charac-  
t e r i s t ics  of the s u r r o u n d i n g s  r e s u l t e d  i n  a mea- 
surement  u n c e r t a i n t y  t h a t  we b e l i e v e  is a t  least 
a n  o r d e r  of n a g n i t u d e  l a r g e r  tban  o b t a i n e d  else- 
where. 

The u n c e r t a i n t y  s t a t e d  f o r  each s i t e  is a one 
sigma estimate of t h e  a b s o l u t e  a c c u r a c y  based on 
a root sunmed s q u a r e  i n c o r p o r a t i o n  of  f o u r  terms. 
The f i r s t  is a 4 x lo-* a / s 2  ( 4  pGal)  u n c e r t a i n t y  
from * n s t r u m e n t a l  e f f e c t s  which i n c l u d e  nongravi -  
t a t i o n a l  f o r c e s ,  o p t i c a l  p a t h  e f f e c t s ,  and t i m i n g  
a c c u r a c y .  The second term is a 5 x m / s 2  
( 5  pCal )  u n c e r t a i n t y  f r o m  p o s s i b l e  e r r o r s  i n  t h e  
laser wavelength.  A n a l y s i s  of t h e  d a t a  t o  d a t e  
i n d i c a t e s  t h a t  t h e  l a s e r  we used i n  the Harch 
1982 Denver measurement and t h e  Kresge l a b  mea- 
surement  may be t h e  s o u r c e  of a 1 t o  2 x 10-7 
m / s 2  (10 t o  20  pGal)  s y s t e m a t i c  error. R e s u l t s  
f rom t h e s e  sites have a c c o r d i n g l y  been a s s i g n e d  
larger  u n c e r t a i n t i e s .  

The next  t e r m  i n  t h e  u n c e r t a t n t y  comes from 
t h e  t r a n s f e r  done w i t h  a r e l a t i v e  g r a v i t y  meter 
from t h e  e f f e c t i v e  a b s o l u t e  measurenent  h e i n h t  
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F i g .  4. ScheadtFc  of a b s o l u t e  grav imeter .  
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TABLE 1. G r a v i t y  Values  T r a n s f e r r e d  t o  t h e  Floor 

R e s u l t ,  Unce r t a fn ty ,  
Date S i t e  m l  s2 IO-' p m / s 2  

(le pGal) @Gal)  

A p r i l  4-10, 1981 JIM 9.79 608 562 7 
May 2-4, 1981 J ILA 9.79 608 569 6 
June  6-12, 1981 JILA 9.79 608 566 7 
J u l y  1-6, 1981 JIM 9.79 608 573 7 
Dec. 11-15, 1981 J I L A  9.79 608 569 10 
Peb. 1-25, 1982 JIU 9.79 608 557 12 
A p r i l  14-15, 1982 JILA 9.79 608 573 9 

Dee. 16- 
Uarch 1, 

March 21 
March 26 
March 27 
March 29 
A p r i l  1, 
A p r i l  7, 
A p r i l  9, 

7. 1981 
1982 

1982 
1982 
1982 
1982 
1982 
1982 
1982 

A p r i l  16, 1982 
A p r i l  28-29, 1982 
May 1, 1982 

G r a d i e n t ,  

(pGal/cm) 

2.39 

10-612 

Denver 
Denver 

Holloman AFB 
Vandenberg AFB 
Lick Observa to ry  
Ovens Va l l ey  
Kresge Lab 
Pinvon F l a t  

9.79 598 322 
'9.79 598 302 

9.79 139 615 
9.79 628 137 
9.79 635 503 
9.79 444 410 
9.79 560 457 
9.79 284 081 

12 2.92 
12 

8 2.99 
9 3.44 
9 4.42 
8 2.93 

13 2.65 
11 2.88 

i 

A 

f 

9 2.47 
9 2.58 

Golds t  one 9.79 444 216 
She r i dan 9.80 208 952 
NBS, G a i t h e r s b u r g  9.80 103 259 9 3.25 
Hanscom APB, AFGL 9.80 378 697 8 3.07 

The JILA r e s u l t s  d i f f e r  s l i g h t l y  from p r e v i o u s l y  pub l i shed  v a l u e s  because  
a more r e c e n t  g r a d i e n t  measurement has  been used i n  t h e  t r a n s f e r  t o  t h e  f l o o r .  

of 1.1 m t o  t h e  s i t e  f l o o r .  This 5 x lo-* m / s 2  
(5 pGal) c o n t r i b u t i o n  is  a pseudoer ro r  in cases 
where t h e  d a t a  w i l l  be used t o  look  for changes 
in g r a v i t y  wi th  t i m e  u s i n g  t h e  same i n s t r u m e n t  
because  subsequent  measurements w i l l  be done a t  
t h e  same he igh t .  It a l s o  e x a g g e r a t e s  the o v e r a l l  
e r r o r  when comparisons a r e  made w i t h  r e s u l t s  from 
o t h e r  a b s o l u t e  i n s t r u m e n t s ,  s i n c e  t h e  e f f e c t i v e  
m a s u r i n g  h e i g h t s  a r e  u s u a l l y  comparable. Never- 
t h e l e s s ,  t h i s  e r r o r  term has  been inc luded  be- 
cause  it is a v a l i d  sou rce  of u n c e r t a i n t y  when 
t h e  a b s o l u t e  d a t a  a r e  used in c o n j u n c t i o n  w i t h  
r e l a t i v e  g r a v i t y  su rveys  whose E a s u r e m e n t s  here- 
t o f o r e  have been made at  t h e  f l o o r  l e v e l .  

The las t  term used t o  c a l c u l a t e  t h e  u n c e r t a i n -  
t ies  in Table  1 is t h e  s t a t i s t i c a l  e r r o r  based  on 
t h e  random s c a t t e r  i n  t h e  measurements a t  a par -  
t i c u l a r  s i t e .  The s t a t i s t i c a l  u n c e r t a i n t y  o r  
s t a n d a r d  e r r o r  E is c a l c u l a t e d  from 

E = a / m  

where Q is  the  s t a n d a r d  d e v i a t i o n  in t h e  r e s u l t s  
of sets of 150 drops  and N is t h e  number of d a t a  
sets t aken ;  u v a r i e s  among t h e  s i t e s  from 4 x 

= i s 2  (4 pGal) t o  1.5 x IO-' m / s 2  (15 p G a l ) ,  
and N ranges  from 5 t o  22. 

4. Discuss ion  

It should  be noted  t h a t  u n c e r t a i n t i e s  from in-  
s t r c r r e - ~ t a l  e f f e c t s  are based on t h e  e x h a u s t i v e  
s e a r c h  m d e  in o u t  JILA l a b o r a t o r y  f o r  s y s t e m a t i c  
e r r o r s .  The environments encountered  a t  some of 
t h e  s i r e s  were less f a v o r a b l e  than  t h a t  of t h e  
l a b o r z r o r y .  Th i s  was e s p e c i a l l y  t r u e  i n  r ega rd5  
t o  t e z 7 e r a t u r e  s t a b i l i t y .  Temperature t r a n s i e n t s  
a r e  kr.wn t o  cause temporary s h i f t s  i n  t h e  mea- 

- . sued_ . . r a lue  of when the_ t e n p e r a t u r e  changes a r e  

r ap id .  Our f e e l i n g  is t h a t  an o v e r a l l  u n c e r t a j n -  
t y  e s t i m a t e  of around 1 x lo-' m/s2 (10 pGal) 
a t  each  of t he  s i t e s  is reasonab le .  However, 

e v a l u a t i o n ,  both i n - t h e  l a b  and i n  t h e  f i e l d ,  can  
t h i s  estimate of t h e  accuracy  be s u b s t a n t i a t e d .  

Only t w o  s i tes have been v i s i t e d  more than  
once by t h e  JTLA a b s o l u t e  g r a v i t y  meter:  t h e  JTJA 
l a b  in Boulder and t h e  a b s o l u t e  s i te  in Denver. 
The two Denver measurements d i s a g r e e  by 2 x 
m / s 2  (20 pGal) and a r e  s e p a r a t e d  i n  t i m e  by o n l y  

n i f i c a i i t  l e v e l  and is probably  due t o  e r r o r s  i n  
t h e  p a r t i c u l a r  laser used t h a t  have s u b s e q u e n t l y  

on ly  through a con t inued  program of i n s t r u m e n t a l  1 

1 
! 

I 

1 
' f  

2.5 months. The d isapreement  is c l o s e  to  a s i g -  I 

been i d e n t i f i e d .  !F 
4: 1 

Data ga the red  ove r  a y e a r ' s  time from our  I ab -  
o r a t o r y  s i t e  p rov ide  an i n d i c a t i o n  of t h e  i n s t r u -  
ment's long-term s t a b i l i t y .  F i g u r e  5 is a p l o t  
of g r a v i t y  ave rages  i n  our  l ab .  Over t h e  I-year 
pe r iod  in which t h e s e  d a t a  were o b t a i n e d ,  t h e  
a p p a r a t u s  was r e p e a t e d l y  d i sa s sembled ,  mod i f i ed ,  
and t r a n s p o r t e d  ( i n  one c a s e ,  t o  a n o t h e r  c o n t i -  

d 
i 
3 
J 

3 979.608 600 ' ' ' ' ' I ' ' ' ' ' 

5 4 0 L  

520 1 1 1 1 l 1 1 1 1 1 1  

1981 1982 
A M J J A S O N D J F M A  

Fig. 5. Absolu te  g r a v i t y  measurements at JIM 
over  a 1-year pe r iod .  One v e r t i c a l  d i v i s i o n  IS 

m / s 2  (10 pGa1). 
~ ~~ ~~ 

. ~ -- _ _  
~ 
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TABLE 2. In t e rcompar i son  R e s u l t s  of Abso lu te  G r a v i t y  Measurements 

JILA AFGL WGC 

1981 1982 1979 1980 1977 1980 

R e s u l t ,  c m / s 2  
Date 
G r a d i e n t ,  pGal 
g-E ha1 m 

R e s u l t ,  cm/s2 
Date 
G r a d i e n t ,  pGal 
g-E h=l  m 

R e s u l t ,  c m / s 2  
Date 
G r a d i e n t ,  pGal 
g-g ha1 m 

Holloman AFB 
979. 139 615 979. 139 600 979. 139 600 
March 21 J u l y  6 May 14 and 31 
2.99 2.85 2.85 
+I 2 +11 +11 

Vandenberg AFB 
979. 628 137 979. 628 190 
March 26 June  3-4 
3.44 3.21 
-38 +3 8 

L i c k  O b s e r v a t o r y  
979. 635 503 979. 635 503 - 
March 27 June  6-8 
4.42 4.15 
-1 3 +13 

JILA - 
R e s u l t ,  cm/s2 979. 608 568 979. 608 565 979. 608 585 
Date April-Dec. Feb.-April O c t .  18-23 
G r a d i e n t ,  pGal 2.39 2.39 2.28 
g-g h-1 m +10 +6 +3 8 

She r i d a n  
R e s u l t ,  cm/s2 980. 208 952 980. 208 912 980. 208 964 

G r a d i e n t ,  pGa1 2.58 2.32 2.44 
Date A p r i l  16 J u l y  18-19 O c t .  13-16 

g-z h=l  m -1 7 -3 1 +9 

979. 139 584 
June  2-3 
3.14 
-34 

979. 608 498  
May 26-27 
2.32 
-54 

980. 209 007 
June  12-14 
2.56 
+4 0 

R e s u l t  , cm/s2 
Date 
G r a d i e n t ,  pGal 
g-g h=l  m 

NBS 
980. 103 259 980. 103 257 
A p r i l  28-29 March 13-14 
3.25 3.25 
+1 -1 

- 

AFGL 
R e s u l t ,  c m / s 2  980. 378 697 980.- 685 980. 378 685 980. 378 659 
Date May 1 2 y r  ave. 1 y r  ave.  O c t .  and Dec. 
G r a d i e n t ,  pGal 3.07 2.97 2.97 3.02 
g-g ha1 m +17 +5 +5 -26 

Denver 
R e s u l t ,  cm/s2 979. 598 322 979. 598 302 9 7 9 . 5 9 8 7 7  
Date Lkc. 16-17 March 1 A p r i l  27-29 
G r a d i e n t ,  &Gal 2.92 2.92 2.92 
~ - g  h=1 m +30 +10 -15 

979. 598 268 
O c t .  16-19 
2.94 
-2 5 

Each e n t r y  c o n s i s t s  of t h e  r e p o r t e d  f l o o r  v a l u e  i n  G a l  w i t h o u t  a Honkasalo c o r r e c t i o n  
[Honkasalo,  19643. t h e  d a t e  of t h e  measurement,  t h e  g r a d i r n t  i n  dCal/cm used to t r a n s f e r  t o  t h e  
f l o o r  from t h e  e f f e c t i v e  measurin5 h e i n h t  of t h e  p a r t i c u l a r  i n s t r u r e q t ,  and a c o r p a r i s o n  t e r n  i n  
pCal.  The comparison term was c a l c u l a t e d  by t r a n s f e r r i n g  a l l  of t h e  v a l u e s  t o  t h e  nominal he iEht  
of 1 n u s i n g  t h e  r e p o r t e d  g r a d i e n t s  and t h e n  d i f f e r e n c i n g  each  r e s u l t  from t h e  mean of a l l  t h e  
a d j u s t e d  r e s u l t s  a t  t h a t  s i t e .  T h i s  d r c r e a s e s  t h e  c o n t r i b u t i o n  t o  t h e  d i s c r e p a n c i e s  f r o n  
d i f f e r e n c e s  in t h e  measured g r a d i e n t s .  AFGL’s v a l u e  a t  J1L4 is t r a i s f e r r e d  t o  t h e  common s i t e  
u s i n g  -16 pCal. JILA’s va lue  a t  AFGL is t r a n s f e r r e d  t o  t h e  con-on s i t e  u s i n g  -28 pGal.  The AFCL 
g r a d i e n t  was used i n  t r a n s f e r r i n g  t h i s  va lue  t o  t h e  1-n nominal h e i e h t .  

nent  and back) .  The s t a n d a r d  d e v i a t i o n  of t h e s e  
a v e r a g e s  is only 6 x IO-* ( 6  pGal) .  
d e g r e e  of r e p e a t a b i l i t y  i n d i c a t e s  t h a t  t h e  proh- Geophysics Lahora to ry  (AFGL)  and the I s t i t c E o  d i  
l e 3  of d r i f t  t h a t  is a lmos t  always p r e s r n t  in Metro log la  “ G .  C o l o n n e t t i ”  ( I Y C C )  [ “a r son  a i d  

x d a t i u e  W i t y  m z e ~ s  i s  notpresent in the ~ Alasia, 14ZP, Is4Q1, A l l  a h % t r u m U  KC=- 

abso l r i t e  meter. 

Tab le  2 cozpa res  t h e  r e s u l t s  o b t a i n e d  b7 
t h e  JIW ins t rumen t  wi th  those  of t h e  Air Force  This h inh  

p o r t  t y p i c a l  a c c u r a c i e s  of lxlo-’ m/s2 (10 pGal ) ,  
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OD most of t h e  i n t e r c o m p a r i s o n s  between any t w o  
i n s t r u m e n t s  shou ld  a g r e e  w i t h i n  about  1.4 x 10'' 
4 s 2  (14 pGal).  T h i s  is t r u e  a t  some sites but  
m t  a t  o t h e r s .  Some of t h e  d i f f e r e n c e s  could  be 
due to  real g r a v i t y  changes because  s imul t aneous  
measurements have r a r e l y  been made. Our method 
o€ t r a n s f e r r i n g  t he  measured v a l u e s  t o  a common 
r e f e r e n c e  h e i g h t  of 1 m cou ld  also c o n t r i b u t e  
s l i g h t l y  t o  t h e  c a l c u l a t e d  d i f f e r e n c e s ,  but ve 
b no t  have enough g r a d i e n t  d a t a  t o  compute t h e  
t r a n s f e r s  in any better way. It is more l i k e l y ,  
bowever, t h a t  the d i s c r e p a n c i e s  are due t o  sys- 
t e m a t i c  errors i n  one or mre of t h e  in s t rumen t s  
t h a t  are as y e t  unrecognized .  The r e s u l t s  of t h e  
AFGL ins t rumen t  have been b i a s e d  by some 8 x 10" 
m/s2 (80 pGal) s i n c e  February  1981 due t o  unknown 
reasons  (J. Hamond,  p e r s o n a l  communication, 
1982). SO t h e  compar isons  made v i t h  t h a t  i n s t r u -  
ment s i n c e  t h a t  date have been omi t ted .  

Compared w i t h  both  t h e  IMGC and t h e  AFGL i n -  
s t r u m e n t s ,  t h e  JIM ins t rumen t  is i n  i ts  in fancy .  
Bowever, t h e  rate w i t h  which it  can a c q u i r e  d a t a  
Is s u f f i c i e n t l y  h igh  t h a t  a l a r g e  number of ex- 
pe r imen t s  have a l r e a d y  been done w i t h  i t  to  de- 
t e c t  s y s t e m a t i c  e r r o r s  and t o  d a t e  we have found 
M) e r r o r  s o u r c e s  t h a t  could  account  f o r  t h e  d i s -  
c r e p a n c i e s  s e e n  a t  some of t h e  sites. 

5. Conclus ions  

Because of i t s  s e n s i t i v i t y  t o  bo th  v e r t i c a l  
p o s i t i o n  and mass d i s t r i b u t i o n ,  g r a v i t y  d a t a  can 
p rov ide  a powerfu l  and unique  c o n t r i b u t i o n  t o  t h e  
ztudy of c r u s t a l  dynamics. In t h e  p a s t ,  inadequa- 
cies i n  t h e  long-term s t a b i l i t y  of e x i s t i n g  rela- 
t i v e  g r a v i t y  meters and t h e  d i f f i c u l t i e s  i nvo lved  
v i t h  t r a n s p o r t i n g  and o p e r a t i n g  a b s o l u t e  g r a v i t y  
meters have r a i s e d  q u e s t i o n s  conce rn ing  t h e i r  use- 
f u l n e s s  t o  i n v e s t i g a t i o n s  of t e c t o n i c  motions. 
The s u c c e s s  of t h i s  su rvey  w i t h  t h e  JILA a b s o l u t e  
g r a v i t y  meter, however, demons t r a t e s  t h a t  t h e  ac- 
cu racy  needed t o  d e t e c t  small changes i n  g r a v i t y  
r e s u l t i n g  from t e c t o n i c  motions is now a v a i l a b l e  
i n  an  e a s i l y  p o r t a b l e  and d u r a b l e  type  of appara-  
t u s .  
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